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Description

RELATED APPLICATIONS

[0001] The present application claims priority to United
States Provisional Application No. 62/121,187, filed on
February 26, 2015 and titled, "Layered Medical Applianc-
es and Methods," which is hereby incorporated by refer-
ence in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to
medical appliances, including medical appliances com-
posed of two or more layers of material. Medical appli-
ances within the scope of this disclosure may include
porous layers, nonporous layers, fluid or cellular imper-
meable layers, and so forth. These layers may be includ-
ed and/or arranged within the construct to affect the struc-
tural properties and/or biocompatibility of the medical ap-
pliance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The embodiments disclosed herein will become
more fully apparent from the following description and
appended claims, taken in conjunction with the accom-
panying drawings. These drawings depict only typical
embodiments, which will be described with additional
specificity and detail through use of the accompanying
figures in which:

Figure 1 is a Scanning Electron Micrograph (SEM)
(950X) of a serially deposited polytetrafluoroethyl-
ene (PTFE) fiber mat.
Figure 2 is a Scanning Electron Micrograph (SEM)
(950X) of an expanded polytetrafluoroethylene (eP-
TFE) mat.
Figure 3A is a perspective cut-away view of a medical
appliance.
Figure 3B is a cross-sectional view of the medical
appliance of Figure 3A taken through line 3B-3B.
Figure 3C is a cross-sectional view showing the lay-
ers of the medical appliance of Figure 3A.
Figure 4 is a cross-sectional schematic view of the
medical appliance of Figure 3A deployed within a
body lumen.
Figure 5 is a perspective view of a scaffolding struc-
ture for a stent-graft.

DETAILED DESCRIPTION

[0004] Medical appliances may be deployed in various
body lumens for a variety of purposes. Stents and/or
stent-grafts may be deployed, for example, in the vascu-
lar system for a variety of therapeutic purposes, including
the treatment of occlusions within the lumens of that sys-
tem. The current disclosure may be applicable to stents,

stent-grafts, or other medical appliances designed for the
central venous ("CV") system, peripheral vascular ("PV")
stents, abdominal aortic aneurysm ("AAA") stents, bron-
chial stents, esophageal stents, biliary stents, coronary
stents, gastrointestinal stents, neuro stents, thoracic aor-
tic endographs, or any other stent or stent-graft. Further,
the present disclosure may be equally applicable to other
prostheses such as grafts, shunts, and so forth. Addition-
ally, medical appliances comprising a continuous lumen
wherein a portion of the longitudinal length is reinforced,
for example by a metal scaffold, and a portion of the lon-
gitudinal length has no scaffold are also within the scope
of this disclosure. Any medical appliance composed of
materials herein described may be configured for use or
implantation within various areas of the body, including
vascular, cranial, thoracic, pulmonary, esophageal, ab-
dominal, or ocular application. Examples of medical ap-
pliances within the scope of this disclosure include, but
are not limited to, stents, vascular grafts, stent-grafts,
cardiovascular patches, reconstructive tissue patches,
hernia patches, general surgical patches, heart valves,
sutures, dental reconstructive tissues, medical device
coverings and coatings, gastrointestinal devices, blood
filters, artificial organs, ocular implants, and pulmonary
devices, including pulmonary stents. For convenience,
many of the specific examples included below reference
stent-grafts. Notwithstanding any of the particular medi-
cal appliances referenced in the examples or disclosure
below, the disclosure and examples may apply analo-
gously to any prostheses or other medical appliance.
[0005] As used herein, the terms stent and stent-graft
refer to medical appliances configured for use within bod-
ily structures, such as within body lumens. A stent or
stent-graft may comprise a scaffolding or support struc-
ture, such as a frame, and/or a covering.
[0006] It will be readily understood that the compo-
nents of the embodiments as generally described and
illustrated in the Figures herein could be arranged and
designed in a wide variety of different configurations.
Thus, the following more detailed description of various
embodiments, as represented in the Figures, is not in-
tended to limit the scope of the disclosure, but is merely
representative of various embodiments. While the vari-
ous aspects of the embodiments are presented in draw-
ings, the drawings are not necessarily drawn to scale
unless specifically indicated.
[0007] The phrases" "coupled to" and "in communica-
tion with" refer to any form of interaction between two or
more entities, including mechanical, electrical, magnetic,
electromagnetic, fluid, and thermal interaction. Two com-
ponents may be coupled to each other even though they
are not in direct contact with each other. For example,
two components may be coupled to each other through
an intermediate component.
[0008] The directional terms "proximal" and "distal" are
used herein to refer to opposite locations on a stent or
another medical appliance. The proximal end of an ap-
pliance is defined as the end closest to the practitioner
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when the appliance is disposed within a deployment de-
vice which is being used by the practitioner. The distal
end is the end opposite the proximal end, along the lon-
gitudinal direction of the appliance, or the end furthest
from the practitioner. It is understood that, as used in the
art, these terms may have different meanings once the
appliance is deployed (i.e., the "proximal" end may refer
to the end closest to the head or heart of the patient de-
pending on application). For consistency, as used herein,
the ends labeled "proximal" and "distal" remain the same
regardless of whether the appliance is deployed.
[0009] The longitudinal direction of a stent or stent-
graft is the direction along the axis of a generally tubular
stent or stent-graft. In embodiments where an appliance
is composed of a metal wire structure coupled to one or
more layers of a film or sheet-like component, such as a
polymer layer, the metal structure is referred to as the
"scaffolding" or "frame," and the polymer layer as the
"covering" or "coating." The terms "covering" and "coat-
ing" may refer to a single layer of polymer, multiple layers
of the same polymer, or layers comprising distinct poly-
mers used in combination. Furthermore, as used herein,
the terms "covering" and "coating" refer only to a layer
or layers which are coupled to a portion of the scaffold;
neither term requires that the entire scaffold be "covered"
or "coated." In other words, medical appliances wherein
a portion of the scaffold may be covered and a portion
may remain bare are within the scope of this disclosure.
Finally, any disclosure recited in connection with cover-
ings or coatings may analogously be applied to medical
devices comprising one or more "covering" layers with
no associated frame or other structure. For example, a
hernia patch comprising any of the materials described
herein as "coatings" or "coverings" is within the scope of
this disclosure regardless of whether the patch further
comprises a frame or other structure. Similarly, a tubular
graft or shunt may be comprised of the covering or lay-
ered materials recited herein, with no associated scaf-
folding structure.
[0010] Medical device coverings may comprise multi-
layered constructs, comprised of two or more layers
which may be serially applied. Further, multilayered con-
structs may comprise nonhomogeneous layers, meaning
adjacent layers have differing properties. Thus, as used
herein, each layer of a multilayered construct may com-
prise a distinct layer, either due to the distinct application
of the layers or due to differing properties between layers.
As layers may be identified by their position, structure,
or function, an individual layer may not necessarily com-
prise only a single material or a single microstructure.
[0011] Additionally, as used herein, "tissue ingrowth"
and "cellular penetration" refer to any presence or pen-
etration of a biological or bodily material into a component
of a medical appliance. For example, the presence of
body tissues (e.g., collagen, cells, and so on) within an
opening or pore of a layer or component of a medical
appliance comprises tissue ingrowth into that compo-
nent. Further, as used herein, "attachment" of tissue to

a component of a medical appliance refers to any bonding
or adherence of a tissue to the appliance, including indi-
rect bonds. For example, tissue of some kind (e.g., col-
lagen) may become attached to a stent covering (includ-
ing attachment via tissue ingrowth), and another layer of
biologic material (such as endothelial cells) may, in turn,
adhere to the first tissue. In such instances, the second
biologic material (endothelial cells in the example) and
the tissue (collagen in the example) are "attached" to the
stent covering.
[0012] Porous materials may be selectively permeable
to various particles or biologic elements based on the
pore sizes of the material. For example, materials with
pore sizes smaller than 20 micron may be impermeable
to cells types larger than 20 micron, such as foreign body
giant cells. Similarly, materials with pore sizes smaller
than eight micron may be impermeable to penetration by
other cell types, such as red blood cells. In some embod-
iments, materials with pore sizes smaller than eight mi-
cron or smaller than six micron (including, for example,
any value between zero and eight micron) may be im-
permeable to red blood cells.
[0013] As used herein, cellular impermeability does not
require the complete exclusion of any cellular migration
across a barrier. A material may be impermeable to red
blood cell migration, for example, even if a small number
of red bloods cells are able to cross the material. Accord-
ingly, materials may be configured to substantially inhibit
cellular migration across the material while meeting the
definition of cellular impermeability.
[0014] As used herein, red blood cell impermeable ma-
terials are materials which substantially inhibit the trans-
mural migration of red blood cells. Moreover, as used
herein, to substantially inhibit transmural migration of red
blood cells means that, under biologic pressure (such as
when implanted in the body), less than 0.1% of red blood
cells which contact the material wall will migrate across
the material wall. Accordingly, this definition includes ma-
terials that inhibit the transmural migration of the majority
of red blood cells, without requiring complete restriction
of all such cells. In some instances, materials with pore
sizes smaller than eight micron, including pore sizes
smaller than six micron, or pore sizes of any value be-
tween zero and eight micron may be impermeable to
transmural migration of red blood cells. Other materials,
for example, composite materials having individual lay-
ers of differing pore sizes, may likewise be impermeable
to transmural migration of red blood cells.
[0015] In some instances, layers with porosities great-
er than six or eight micron, when combined with additional
layers to create a more tortuous transmural path, may
be impermeable to transmural migration of red blood cells
across the combined layers, even if no single layer has
a porosity less than eight micron.
[0016] Still further, composite constructs comprising
various layers of various porosities may be impermeable
to transmural migration of red blood cells. In some em-
bodiments, a construct comprised of layers of varying
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porosities, coupled to a substantially nonporous layer
may be impermeable to transmural migration of red blood
cells.
[0017] Moreover, constructs within the scope of this
disclosure may be cell impermeable to any cell type,
meaning that less than 0.1% of cells which contact the
construct (regardless of the cell type), will migrate across
the construct wall. Similarly, constructs within the scope
of this disclosure may be tissue impermeable, meaning
that less than 0.1% of the mass or volume of tissue which
contacts the construct will migrate across the construct
wall.
[0018] In one example, a cell impermeable tubular mul-
tilayered construct was implanted in an animal host for
30 days. Upon removal of the multilayered construct, no
measurable amount of tissue was present on the lumenal
surface of the construct. Accordingly, materials implant-
ed in an animal host for 30 days with no measurable
transmural cell or tissue migration are cellular and tissue
impermeable, as those terms are used herein. It was also
observed that standard ePTFE stent-graft exhibited tis-
sue growth on the lumenal surface when similarly im-
planted.
[0019] Additionally, materials or constructs may be im-
permeable to fluidic passage across the material wall.
Materials or layers with pore sizes smaller than 0.5 mi-
cron are herein referenced as being impermeable to flu-
idic passage, or fluid impermeable across the material
or layer.
[0020] The pore sizes associated with any of the em-
bodiments above may refer to average pore size as fur-
ther defined below. It may also refer to pore sizes deter-
mined by direct measurement techniques. The terms
"generally" and "substantially" as used herein indicate
that a parameter is within 5% of a reference parameter.
Thus, two quantities termed as generally equivalent are
within 5% of each other. Further, a generally or substan-
tially impermeable membrane only varies from the de-
fined pore sizes above by 5%.
[0021] Lumens within the circulatory system are gen-
erally lined with a single layer (monolayer) of endothelial
cells. This lining of endothelial cells makes up the en-
dothelium. The endothelium acts as an interface between
blood flowing through the lumens of the circulatory sys-
tem and the inner walls of the lumens. The endothelium,
among other functions, reduces or prevents turbulent
blood flow within the lumen. The endothelium plays a role
in many aspects of vascular biology, including athero-
sclerosis, creating a selective barrier around the lumen,
blood clotting, inflammation, angiogenesis, vasocon-
striction, and vasodilation.
[0022] A therapeutic medical appliance which includes
a covering of porous or semi-porous material may permit
the formation of an endothelial layer onto the porous sur-
face of the blood contact side of the medical device. For-
mation of an endothelial layer on a surface, or endothe-
lialization, may increase the biocompatibility of an im-
planted device. For example, a stent which permits the

formation of the endothelium on the inside diameter
(blood contacting surface) of the stent may further pro-
mote healing at the therapeutic region and/or have long-
er-term viability. For example, a stent coated with en-
dothelial cells may be more consistent with the surround-
ing body lumens, thereby resulting in less turbulent blood
flow or a decreased risk of thrombosis, or the formation
of blood clots. A stent or stent-graft which permits the
formation of an endothelial layer on the inside surface of
the stent may therefore be particularly biocompatible, re-
sulting in less trauma at the point of application, fewer
side effects, and/or longer-term device viability. Medical
appliances including a covering of porous or semi-porous
material may be configured to inhibit or reduce inflam-
matory responses by the body toward the tissue-contact-
ing side of the medical appliance, for example. Mecha-
nisms such as an inflammatory response by the body
toward the medical appliance may stimulate, aggravate,
or encourage negative outcomes, such as neointimal hy-
perplasia. For example, a device configured to permit
tissue ingrowth and/or the growth or attachment of en-
dothelial cells onto the blood-contacting side of the de-
vice may reduce the likelihood of negative flow charac-
teristics and blood clotting. Similarly, a device so config-
ured may mitigate the body’s inflammatory response to-
ward the material on, for example, the tissue-contacting
side of the device. By modulating the evoked inflamma-
tory response, negative outcomes such as the presence
of bioactive inflammatory macrophages and foreign body
giant cells may be reduced. This may aid in minimizing
the chemical chain of responses that may encourage fi-
brous capsule formation surrounding the device and
events stimulating neointimal hyperplasia.
[0023] Serially deposited fibers, such as rotational
spun or electrospun materials, such as those described
herein, may be used to comprise portions of medical ap-
pliances, such as stents, patches, grafts, and so forth.
The present disclosure is applicable to any implantable
medical appliance, notwithstanding any specific exam-
ples included below. In other words, though particular
medical appliances, such as stents or patches, may be
referenced in the disclosure and examples below, the
disclosure is also analogously applicable to other medical
appliances, such as those which comprise a covering or
layer of polymeric material.
[0024] In some embodiments, serially deposited na-
nofibers (and/or microfibers) may be configured to permit
interaction with nano-scale (and/or micro-scale) body
structures, such as endothelial cells, red blood cells, col-
lagen, and so forth.
[0025] Medical appliances may comprise two or more
layers or materials. These layers, alone or in combina-
tion, may be designed or configured to impart various
properties to the overall construct. For example, one or
more layers, and/or the combined characteristics of two
or more layers, may control the structural properties of
the overall construct, such as tensile strength, burst
strength, flexibility, hoop strength, resistance to radial
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compression, and so forth. Similarly, one or more layers,
and/or the combined characteristics of two or more lay-
ers, may control the biocompatibility of the medical ap-
pliance. For example, porosity, fluid permeability, cellular
permeability, and so forth may all affect the biologic re-
sponse to a medical appliance deployed within a patient’s
body.
[0026] Various structures, including medical applianc-
es and related components, may comprise serially de-
posited fibers. Serially deposited fibers may comprise
polymeric fibers, ceramic fibers, and/or other materials.
In some embodiments, soft or fluidic materials are de-
posited in elongate strands or fibers on a collector or
substrate. After these fibers are deposited, the shape or
structure of the mat or lattice of fibers may be set by, for
example, hardening of the material of the fibers. For ex-
ample, polymeric materials may be deposited as fibers
in the form of a polymeric dispersion and then heated to
remove the solvent component of the dispersion and to
set the structure of the polymeric fibers. Similarly, poly-
meric materials may be serially deposited as fibers while
the material is in a heated or molten state. Cooling of the
collected fibers may tend to set the structure of the mat
or lattice of fibers. The fibers comprising these mats or
lattices may generally be on a micro scale (fibers which
are between one micron and one millimeter in diameter)
and/or generally on a nano scale (fibers which are smaller
than one micron in diameter). Figure 1 is an SEM (950X)
of an exemplary serially deposited fiber mat. The fibers
of the mat of Figure 1 were deposited by rotational spin-
ning of polytetrafluoroethylene (PTFE).
[0027] Serially deposited fiber mats or lattices refer to
structures composed at least partially of fibers succes-
sively deposited on a collector, on a substrate, on a base
material, and/or on previously deposited fibers. In some
instances, the fibers may be randomly disposed, while
in other embodiments the alignment or orientation of the
fibers may be somewhat controlled or follow a general
trend or pattern. Regardless of any pattern or degree of
fiber alignment, because the fibers are deposited on the
collector, substrate, base material, and/or previously de-
posited fibers, the fibers are not woven, but rather serially
deposited. Because such fibers are configured to create
a variety of structures, as used herein, the terms "mat"
and "lattice" are intended to be broadly construed as re-
ferring to any such structure, including tubes, spheres,
sheets, and so on. Furthermore, the term "membrane"
as used herein refers to any structure comprising serially
deposited fibers having a thickness which is smaller than
at least one other dimension of the membrane. Examples
of membranes include, but are not limited to, serially de-
posited fiber mats or lattices forming sheets, strips, tubes,
spheres, covers, layers, and so forth.
[0028] Rotational spinning is one example of how a
material may be serially deposited as fibers. One em-
bodiment of a rotational spinning process comprises
loading a polymer solution or dispersion into a cup or
spinneret configured with orifices on the outside circum-

ference of the spinneret. The spinneret is then rotated,
causing (through a combination of centrifugal and hydro-
static forces, for example) the flowable material within
the spinneret to be expelled from the orifices. The mate-
rial may then form a "jet" or "stream" extending from the
orifice, with drag forces tending to cause the stream of
material to elongate into a small diameter fiber. The fibers
may then be deposited on a collection apparatus, a sub-
strate, or other fibers. Once collected, the fibers may be
dried, cooled, sintered, or otherwise processed to set the
structure or otherwise harden the fiber mat. For example,
polymeric fibers rotational spun from a dispersion may
be sintered to remove solvents, fiberizing agents, or other
materials as well as to set the structure of the mat. In one
embodiment, for instance, an aqueous polytetrafluor-
oethylene (PTFE) dispersion may be mixed with polyeth-
ylene oxide (PEO) (as a fiberizing agent) and water (as
a solvent for the PEO), and the mixture rotational spun.
Sintering by heating the collected fibers may set the PT-
FE structure, evaporate off the water, and sublimate the
PEO. Exemplary methods and systems for rotational
spinning can be found in U.S. Patent Application No.
13/742,025, filed on January 15, 2013, and titled "Rota-
tional Spun Material Covered Medical Appliances and
Methods of Manufacture," which is herein incorporated
by reference in its entirety.
[0029] Rotational spinning processes and electrospin-
ning processes may produce serially deposited fiber
mats with differing characteristics. For example, as com-
pared to electrospinning processes, rotational spinning
may exhibit superior yeild, performance, and scaling. Ro-
tational spinning processes may exhibit greater repeat-
ability, reliability, and quality compared to electrospin-
ning. In other words, rotational spun fiber mats may ex-
hibit more consistency within closer tolerances as com-
pared to electrospun fiber mats. Rotational spinning may
be more directly scalable to large operations. Whereas
electrospinning on a large scale may entail high voltage
and other difficulties that further introduce time, cost, and
variability, rotational spinning may more directly and sim-
ply scale, producing more consistent fiber mats.
[0030] Electrospinning is another embodiment of how
a material may be serially deposited as fibers. One em-
bodiment of an electrospinning process comprises load-
ing a polymer solution or dispersion into a syringe cou-
pled to a syringe pump. The material is forced out of the
syringe by the pump in the presence of an electric field.
The material forced from the syringe may elongate into
fibers that are then deposited on a grounded collection
apparatus, such as a collector or substrate. The system
may be configured such that the material forced from the
syringe is electrostatically charged, and thus attracted to
the grounded collection apparatus. As with rotational
spinning, once collected, the fibers may be dried, cooled,
sintered, or otherwise processed to set the structure or
otherwise harden the fiber mat. For example, polymeric
fibers electrospun from a dispersion may be sintered to
remove solvents, fiberizing agents, or other materials as
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well as to set the structure of the mat. As in rotational
spinning, one embodiment of electrospinning comprises
electrospinning an aqueous PTFE dispersion mixed with
PEO and water (as a solvent for the PEO). Sintering by
heating the collected fibers may set the PTFE structure,
evaporate off the water, and sublimate the PEO. Exem-
plary methods and systems for electrospinning medical
devices can be found in U.S. Patent Application Nos.
13/826,618 and 13/827,790, both filed on March 13,
2014, and both titled "Electrospun Material Covered
Medical Appliances and Methods of Manufacture," and
U.S. Patent Application No. 13/360,444, filed on January
27, 2012, and titled "Electrospun PTFE Coated Stent and
Method of Use," each of which is hereby incorporated by
reference in its entireties.
[0031] Rotational spinning and/or electrospinning may
be utilized to create a variety of materials or structures
comprising serially deposited fibers. The microstructure
or nanostructure of such materials, as well as the poros-
ity, permeability, material composition, rigidity, fiber
alignment, and so forth, may be controlled or configured
to promote biocompatibility or influence interactions be-
tween the material and cells or other biologic material. A
variety of materials may be serially deposited through
processes such as rotational spinning and electrospin-
ning: for example, polymers, ceramics, metals, materials
which may be melt-processed, or any other material hav-
ing a soft or liquid form. A variety of materials may be
serially deposited through rotational spinning or electro-
spinning while the material is in a solution, dispersion,
molten or semi-molten form, and so forth. The present
disclosure may be applicable to any material discussed
herein being serially deposited as fibers onto any sub-
strate or in any geometry discussed herein. Thus, exam-
ples of particular materials or structures given herein may
be analogously applied to other materials and/or struc-
tures.
[0032] Rotational spinning, electrospinning, or other
analogous processes may be used to create serially de-
posited fiber mats as disclosed herein. Throughout this
disclosure, examples may be given of serially deposited
fiber mats generally, or the examples may specify the
process (such as rotational spinning or electrospinning)
utilized to create the serially deposited fiber mat. It is
within the scope of this disclosure to analogously apply
any process for creating serially deposited fibers to any
disclosure or example below, regardless of whether the
disclosure specifically indicates a particular mat was
formed according to a particular process.
[0033] Expanded polytetrafluoroethylene (ePTFE)
may also be used as a component of a layered medical
appliance in some embodiments. ePTFE may be formed
when a sheet of PTFE is heated and stretched. The sheet
of ePTFE may be formed, for example, by extrusion or
other methods. Heating and stretching of the PTFE sheet
to form ePTFE changes the microstructure of the sheet,
making it more porous and creating nodes of material
with fibrils of material extending there between. United

States Patent No. 3,664,915 of W.L. Gore describes var-
ious processes for heating and stretching PTFE to create
ePTFE. In some processes, the ePTFE will be expanded
to a greater extent along a longitudinal direction as com-
pared to a transverse direction. Thus some ePTFE mats
may be described as having an axis of expansion, or the
direction in which the majority of the expansion was done.
In some instances the ratio of expansion in the longitu-
dinal direction to expansion in a transverse direction may
be between 10:1 and 20:1. Figure 2 is an exemplary SEM
(950X) of an ePTFE membrane.
[0034] In some applications, ePTFE may also be fur-
ther processed after it has been initially formed. Some
such processes may densify the ePTFE, reducing the
porosity and increasing the strength. In some instances
such post-processing may be used to contract fibrils ex-
tending between the nodes of the ePTFE to create a layer
that is substantially impermeable to tissue and/or fluid.
Thus, ePTFE layers may be configured with various per-
meability characteristics, including layers which are im-
permeable to cellular or tissue migration across the layer.
Further, such post-processing may increase the strength
of the layer due to the resulting work processing stresses
created in the material.
[0035] Characteristics of mats, including serially de-
posited fibers and/or ePTFE, may be determined in a
variety of ways. For example, internodal distance, or IND,
of ePTFE can be used to characterize the degree of ex-
pansion and/or the porosity of the ePTFE. The internodal
distance refers to the average distance between adjacent
nodes of the membrane.
[0036] Percent porosity is another measurement that
may be used to characterize membranes with porous
sections. This method can be used, for example, to char-
acterize ePTFE and/or serially deposited fibers. Percent
porosity refers to the percent of open space to closed
space (or space filled by fibers) in a membrane or mat.
Thus, the more open the structure is, the higher the per-
cent porosity measurement. In some instances, percent
porosity may be determined by first obtaining an image,
such as an SEM, of a material. The image may then be
converted to a "binary image," or an image showing only
black and white portions, for example. The binary image
may then be analyzed and the percent porosity deter-
mined by comparing the relative numbers of each type
of binary pixel. For example, an image may be converted
to a black and white image wherein black portions rep-
resent gaps or holes in the membrane while white por-
tions represent the fibers or other structure of the mem-
brane. Percent porosity may then be determined by di-
viding the number of black pixels by the number of total
pixels in the image. In some instances, a code or script
may be configured to make these analyses and calcula-
tions.
[0037] In some embodiments the "average pore size"
of an ePTFE of serially deposited mat may be used as
an alternate or additional measurement of the properties
of the mat. The complex and random microstructure of
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serially deposited mats, for example, presents a chal-
lenge to the direct measurement of the average pore size
of the mat. Average pore size can be indirectly deter-
mined by measuring the permeability of the mat to fluids
using known testing techniques and instruments. Once
the permeability is determined, that measurement may
be used to determine an "effective" pore size of the se-
rially deposited mat. As used herein, the "pore size" of a
serially deposited mat and/or an expanded membrane
refers to the pore size of a known membrane which cor-
responds to the permeability of the serially deposited or
expanded fabric when measured using ASTM standard
F316 for the permeability measurement. This standard
is described in ASTM publication F316 "Standard Test
Methods for Pore Size Characteristics of Membrane Fil-
ters by Bubble Point and Mean Flow Pore Test," which
is incorporated herein by reference. In some instances
this test can be used as a quality control after configuring
a mat based on other measurements such as percent
porosity.
[0038] Further, average pore diameter and average
pore area of an ePTFE or serially deposited mat may be
calculated programmatically using software to analyze
an image, such as an SEM. For example, an SEM may
be evaluated using software analysis to measure various
characteristics of a material layer. As part of this exem-
plary process, the SEM image may first be converted to
a "binary image," or an image showing only black and
white portions, as discussed above. The binary image
may then be analyzed, the fibers or other features of the
layer identified, and characteristics determined by com-
paring the relative numbers and placements of each type
of binary pixel. For example, an image may be converted
to a black and white image wherein black portions rep-
resent gaps or holes in a serially deposited fiber mat while
white portions represent the fibers of the mat. The soft-
ware thus identifies the presence and position of fibers
and pores or open portions of the fiber mat.
[0039] Characteristics such as fiber width and pore
size may be determined by analyzing these binary imag-
es. Still further, characteristics of relative fibers, such as
the number of fiber branches, intersections, bundles, fib-
er density, and so forth, may be determined through sim-
ilar analysis. In some instances, a code or script may be
configured to make various analyses and calculations.
United States Patent Application No. 14/207,344, titled
"Serially Deposited Fiber Materials and Associated De-
vices and Methods," filed on March 12, 2014, which is
hereby incorporated by reference in its entirety, discuss-
es various methods of characterizing and evaluating con-
struct layers.
[0040] In determining average pore size, an image may
be evaluated to distinguish between areas comprising
fibers and open areas, such as by creating a binary image
as discussed above. Pores, or areas within a fiber mat
encapsulated by intersecting or branched fibers, may
then be identified. To determine the average pore diam-
eter, a large sample of pores may be randomly selected

from the target image. In some instances, between 50
and 300 pores may comprise the sample. The diameter
of a particular pore may be calculated by tracing multiple
diameters of equal angular spacing around the pore
through the centroid of the pore. In some embodiments,
30 such diameters were used to determine a calculated
pore size. The measured diameters are then averaged
to determine the calculated effective diameter of the pore.
The area of each identified pore may also be computed
based on the pixel area of each pore. Each pore identified
for sampling may be manually checked to confirm proper
identification of pores. The average pore diameter of a
fiber mat may then be computed by averaging the calcu-
lated effective diameters of the identified pore. Again,
material total porosity may also be determined by the
percentage of dark pixels to light pixels in the image.
[0041] Figures 3A-3C are schematic depictions of an
exemplary medical appliance 100. Specifically, Figure
3A is a perspective cut-away view of the medical appli-
ance 100. Figure 3B is a cross-sectional view of the med-
ical appliance 100 taken through line 3B-3B of Figure 3A.
Figure 3C is another cross-sectional view showing the
layers of the medical appliance 100.
[0042] The medical appliance 100 of Figures 3A-3C
may be configured as a vascular stent-graft. In the illus-
trated embodiment, the medical appliance 100 is shown
with four distinct layers disposed about a scaffolding
structure 130. In the illustrated embodiment, the medical
appliance comprises a first layer 110 of rotationally spun
PTFE. The rotationally spun PTFE first layer 110 defines
the luminal surface of the medical appliance 100. This
luminal first layer 110 may be designed to interact with
blood flow within the vasculature. For example, the mi-
croporous structure of the rotationally spun first layer 110
may be configured to accommodate or allow endothelial
cell growth on the luminal surface of the medical appli-
ance 100 when disposed within the vasculature of a pa-
tient. Alternatively or additionally, it is within the scope of
this disclosure to use any serially deposited material on
the luminal surface of the medical appliance 100. For
example, rotational spun PTFE, electrospun PTFE, or
other polymers may be used on this layer.
[0043] Serially deposited layers within the scope of this
disclosure may comprise a wide variety of characteris-
tics. For example, serially deposited layers with a percent
porosity between 35% and 75%, including between 40%
and 60%, and between 45% and 55%, are within the
scope of this disclosure. Similarly, serially deposited lay-
ers with an average fiber diameter between 0.25 micron
and 2.5 micron, including between 0.5 micron and 1.75
micron, and between 0.75 micron and 1.25 micron, are
within the scope of this disclosure. Average pore diam-
eter for serially deposited layers within the scope of this
disclosure may range from one micron to five micron,
including from two micron to four micron and from two
micron to three micron. Finally, the average pore area of
serially deposited layers within the scope of this disclo-
sure may range from three square micron to 15 square
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micron, including from four square micron to 10 square
micron, and from four square micron to eight square mi-
cron. Any serially deposited layer forming a portion of a
construct described herein may be configured with any
of these properties.
[0044] In the illustrated embodiment, the medical ap-
pliance 100 comprises a second layer 120 disposed ra-
dially around the first layer 110. The second layer 120
may be configured to reinforce or otherwise strengthen
the first layer 110 of rotational spun material. In some
embodiments, this second layer 120 may comprise eP-
TFE. The ePTFE layer may reinforce the rotational spun
first layer 110. For example, the ePTFE layer may in-
crease the tensile strength, burst strength, hoop strength,
or other properties of the medical appliance 100 as com-
pared to a device utilizing only serially deposited fibers.
[0045] In some embodiments, the ePTFE may com-
prise densified ePTFE and/or ePTFE with a small IND.
The ePTFE second layer 120 may be configured with
low porosity and high work history to create a high-
strength layer.
[0046] ePTFE layers within the scope of this disclosure
may be configured with a variety of properties. For ex-
ample, ePTFE layers with an average internodal distance
(IND) of less than 80 micron, including less than 70 mi-
cron, less than 60 micron, less than 50 micron, less than
40 micron, less than 30 micron, less than 20 micron, and
less than 10 micron, are within the scope of this disclo-
sure. Additionally, exemplary ePTFE layers within the
scope of this disclosure may have an average IND of less
than 10, nine, eight, seven, six, five, four, three, two, or
one micron.
[0047] Additionally, ePTFE layers within the scope of
this disclosure may have percent porosities between
40% and 80%, including percent porosities greater than
50%. Further, such layers may have an average pore
diameter greater than 1 micron, including between one
micron and three micron. Average pore area may be
greater than two square micron, including between two
square micron and 15 square micron. Finally, the aver-
age fibril diameter of the ePTFE layer may be greater
than 0.2 micron, including between 0.2 micron and 0.6
micron.
[0048] One exemplary ePTFE layer may have an IND
of 10 micron, a percent porosity of 75%, average pore
diameter of 4.38 micron, average pore area of 14.7
square micron, and average fibril thickness of 0.33 mi-
cron. A second exemplary ePTFE layer may have an IND
of 10 micron, a percent porosity of 65%, average pore
diameter of 3.5 micron, average pore area of 10.6 square
micron, and average fibril thickness of 0.35 micron. A
third exemplary ePTFE layer may have an IND of 10 mi-
cron, a percent porosity of 50%, average pore diameter
of 2.78 micron, average pore area of 7.5 square micron,
and average fibril thickness of 0.5 micron.
[0049] ePTFE layers according to the three exemplary
layers above, as well as ePTFE layers within any of the
ranges disclosed herein, may be used in multilayered

constructs within the scope of this disclosure.
[0050] As compared to serially deposited layers, ePT-
FE layers may have a greater tensile strength, creep re-
sistance, or other mechanical properties. For example,
a multilayered construct may be comprised of both seri-
ally deposited layers and ePTFE layers wherein at least
one ePTFE layer has five to 10 times greater tensile
strength than at least one serially deposited layer within
the same construct.
[0051] Multilayered coverings or constructs wherein
one or more layers of ePTFE provide at least 90% of at
least one mechanical property (such as tensile strength,
hoop strength, burst strength, and/or creep resistance)
of the covering or construct are within the scope of this
disclosure. In some instances such a construct may have
no scaffolding structure. In other embodiments, the com-
parison of properties may only refer to the properties pro-
vided by the covering portion, meaning the layers of ma-
terial disposed about a scaffolding structure, but not in-
cluding the scaffolding structure. Still further, this com-
parison of properties may refer to the properties of the
entire construct, including a scaffolding structure. Fur-
thermore, coverings or constructs wherein at least 85%,
80%, 75%, 70%, and 65% of at least one mechanical
property is provided by one or more layers of ePTFE are
within the scope of this disclosure.
[0052] In the illustrated embodiment, the scaffolding
structure 130 is disposed around the second layer 120
of the medical appliance 100. This scaffolding structure
130 may comprise a metal stent-for example, a stent
composed of nitinol, stainless steel, or alloys thereof. Ad-
ditionally, other materials, such as polymer scaffolds, are
within the scope of this disclosure. In some embodi-
ments, the scaffolding structure 130 may be understood
as a third layer of the medical applicance 100. For ex-
ample, as the scaffolding structure 130 may be disposed
between other such layers (such as the second layer 120
and the fourth layer 140) is can be understood as repre-
senting a layer of the medical device 100. Still further, in
some embodiments the scaffolding structure may com-
prise a relative tight lattice, including a polymer lattice,
which may tend to form a layer of a medical appliance
100. References herein to a multilayered construct or
multilayered component may be understood as referring
to the entire medical appliance 100, including the scaf-
folding structure, or may apply only to layers of material
(such as 110, 120, 140, and 150) disposed about a scaf-
folding stucture 130 considered separately from the scaf-
folding structure 130.
[0053] The medical appliance 100 may further com-
prise an impermeable layer. For example, in the illustrat-
ed embodiment, the fourth layer 140 may comprise a
polymer layer that is impermeable to cellular growth, fluid
passage, or both. An impermeable layer may be config-
ured to prevent fluid leakage across the medical appli-
ance and/or prevent cellular growth across the appliance.
Containment of cellular growth across the appliance may
lengthen the useful life of the appliance, as bodily tissues
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are prevented from growing through the medical appli-
ance and occluding the lumen thereof.
[0054] In some embodiments, the impermeable fourth
layer 140 may comprise fluorinated ethylene propylene
(FEP) that may be sprayed, dipped, or laminated onto
the construct. FEP layers within the scope of this disclo-
sure may thus be applied as a film or membrane which
is rolled onto or otherwise applied to a construct, as well
as applied as a liquide or solution applied by spraying or
dipping.
[0055] The medical appliance 100 may further com-
prise a fifth layer 150 disposed around the impermeable
fourth layer 140. This fifth layer 150 may define an ablu-
minal surface of the medical appliance 100. In some in-
stances, this fifth layer 150 may comprise ePTFE and
may be densified and/or have a relatively small IND or
pore size. This layer may be configured to provide
strength to the construct and may or may not comprise
ePTFE having the same properties as the second layer
120 of the illustrated construct.
[0056] In some embodiments, the fourth layer 140 and
the fifth layer 150 may be constructed as a composite
layer. For instance, a fifth layer 150 comprising ePTFE
may be sprayed or dipped with FEP such that the FEP
coats the ePTFE and fills in the pores and openings in
the ePTFE. A composite layer of ePTFE and FEP may
thus be configured with the properties and functions of
both the fourth layer 140 and fifth layer 150.
[0057] Any of the layers discussed above (110, 120,
140, 150) may be comprised of one or more sublayers.
For example, if the first layer 110 is comprised of serially
deposited fibers, the first layer 110 may, in turn, comprise
multiple sublayers of serially deposited fibers or fiber
mats. In an exemplary embodiment, the first layer 110
may thus consist of a first sublayer comprising serially
deposited fibers and a second sublayer also comprising
serially deposited fibers. The sublayers may be deposit-
ed at different times during manufacture and/or may be
sintered separately, for example. The first layer 110 may
also include other materials, disposed between the sub-
layers, for example to aid in coupling the sublayers to
each other. Any number of sublayers may be combined
within a single layer.
[0058] In some embodiments, the wall thickness of a
multilayered covering for a medical device may be be-
tween 50 micron and 500 micron, including between 50
micron and 450 micron, between 50 micron and 400 mi-
cron, between 50 micron and 350 micron, between 50
micron and 300 micron, between 50 micron and 250 mi-
cron, between 50 micron and 200 micron, between 50
micron and 150 micron, and between 75 micron and 125
micron.
[0059] The wall thickness of any individual layer within
a multilayered construct may be between five micron and
100 micron, including between five micron and 75 micron,
between five micron and 60 micron, between 25 micron
and 75 micron, between 10 micron and 30 micron, and
between five micron and 15 micron. Any layer described

herein may fall within any of these ranges, and the thick-
nesses of each layer of a multilayered construct may be
configured such that the total wall thickness of the cov-
ering falls within the ranges described above.
[0060] Multilayered constructs that have more or fewer
layers than the exemplary medical appliance 100 are like-
wise within the scope of this disclosure. For example,
constructs having two, three, four, five, six, seven, or
more layers are all within the scope of this disclosure. In
some embodiments, a single layer may be used to pro-
vide the characteristics associated with two or more lay-
ers in the exemplary medical appliance 100. For exam-
ple, ePTFE with a sufficiently small IND may be substan-
tially impermeable to tissue ingrowth and/or fluid pas-
sage. Therefore, in some embodiments, a single layer of
low-porosity ePTFE may provide the characteristics as-
sociated with the second 120, fourth 140, and fifth 150
layers of the exemplary medical appliance 100. A medical
appliance comprising a single luminal layer of serially
deposited fibers and a single layer of ePTFE is within the
scope of this disclosure.
[0061] Further, the order of the layers may be varied.
For example, any of the layers described in connection
with the exemplary medical appliance 100 may be dis-
posed in any relative order, with the exception that a layer
configured as a blood-contacting layer of the device (if
present) will be disposed on the luminal surface of the
construct.
[0062] Furthermore, medical appliances within the
scope of this disclosure may be manufactured in a variety
of ways. Each layer may be individually formed then dis-
posed on the construct, or one or more layers may be
formed on the construct in the first instance.
[0063] With reference to the medical appliance 100 of
Figures 3A-3C, a method of manufacture may comprise
serially depositing PTFE fibers on a mandrel or other
collection surface and sintering the fibers. This layer of
serially deposited fibers may form the first layer 110 of
the medical appliance 100.
[0064] A second layer 120 may then be applied to the
medical appliance 100. This second layer 120 may com-
prise ePTFE and may be densified. In some embodi-
ments, the ePTFE may be obtained as a sheet which is
applied around the first layer 110.
[0065] Additionally, in some embodiments the second
layer 120 may be applied around the first layer 110 before
the first layer 110 is sintered. Sintering of the first layer
110 while the second layer 120 is disposed therearound
may facilitate bonding between the first 110 and second
120 layers. Similarly, in some embodiments, the second
layer 120 may be applied as unsintered ePTFE around
the first layer 110, which in turn may comprise unsintered
serially deposited PTFE fibers. Accordingly, the first 110
and second 120 layers may be simultaneously sintered,
which may facilitate bonding between the layers. Any lay-
er of PTFE, including serially deposited layers and layers
of ePTFE, may be applied as an unsintered layer.
[0066] In some embodiments, the mechanical proper-
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ties of an ePTFE layer may be derived from the relative
disposition of ePTFE sublayers which comprise the over-
all ePTFE layer. Each sublayer may impart different prop-
erties to the overall construct. For example, the sublayers
may be stronger in the direction the ePTFE was expand-
ed than in a transverse direction. Application of such sub-
layers such that the axis of expansion of each sublayer
is perpendicular to the axis of expansion of adjacent lay-
ers may create a layer of ePTFE with more uniform lon-
gitudinal and radial properties. Constructs within the
scope of this disclosure may comprise ePTFE sublayers
disposed such that the axis of expansion of a first layer
is disposed at any angle to the axis of expansion of an
adjacent layer. Further, constructs wherein the axis of
expansion of an ePTFE sublayer is aligned with the cen-
tral axis of a prosthesis, for example the longitudinal axis
of a tubular prosthesis, are within the scope of this dis-
closure.
[0067] In some embodiments this may be done by ob-
taining a strip of ePTFE that is narrower than the length
of the medical appliance 100. The strip may be helically
wrapped around the first layer 110 of the medical appli-
ance 100. In some instances the strip may be wrapped
at about 45° to the longitudinal axis of the medical appli-
ance 100. The strip may comprise a sublayer of the sec-
ond layer 120. A second sublayer may be applied, also
at about 45° to the longitudinal axis of the medical appli-
ance 100, but applied such that the axis of expansion of
the second sublayer is perpendicular to the first strip ap-
plied. The combined strength of the sublayers may thus
be arranged such that the sum of the strength of the sub-
layers is similar in the longitudinal and radial directions
of the medical appliance 100. Any other angle of relative
positioning of sublayers is within the scope of this disclo-
sure, and the relative angles may be configured to create
a construct with certain properties and strengths in var-
ious directions.
[0068] A metal or polymer scaffolding structure 130
may then be applied around the second layer 120 of the
medical appliance 100. The fourth layer 140 may then
be applied. The fourth layer 140 may comprise FEP and
may be applied as a film, dipped, sprayed, or otherwise
applied. Finally, the fifth layer 150 may be applied around
the fourth layer 140. The fifth layer 150 may or may not
be applied in the same manner as the second layer 120
and may or may not have substantially the same prop-
erties as the second layer 120.
[0069] In embodiments wherein the fifth layer 150 com-
prises PTFE, including ePTFE, the fifth layer 150 may or
may not be sintered at the same time as other layers, for
example, the second layer 120. In some embodiments,
the first 110 and second 120 layers may first be applied
and sintered (either separately or simultaneously), the
scaffolding structure 130 may then be applied, followed
by the fourth layer 140. In some embodiments, the fourth
layer 140 may comprise FEP and may be applied as a
film or as a liquid or solution. In embodiments wherein
the fourth layer 140 is FEP and the fifth layer PTFE, such

as ePTFE, the fifth layer 150 may be sintered after it is
applied around the fourth layer 140. In some such em-
bodiments, a film FEP fourth layer 140 may bond to ad-
jacent layers during the heating of the construct to sinter
the fifth layer 150. Again the first 110 and second 120
layers may be previously sintered.
[0070] Methods of deploying a medical appliance,
such as medical appliance 100, within the body are also
within the scope of this disclosure. Similarly, methods of
promoting endothelial growth while resisting transmural
tissue growth across the medical appliance are within
the scope of this disclosure. For example, deployment
of a medical appliance having a blood-contacting layer
configured to promote endothelial growth and at least
one other layer configured to resist tissue growth through
the layer would be related to such a method.
[0071] Figure 4 is a cross-sectional schematic view of
the medical appliance 100 deployed within a body lumen
50. As shown, when the medical appliance 100 is so de-
ployed, the fifth layer (150 of Figure 3A), which may com-
prise an abluminal surface of the medical appliance 100,
may be disposed in direct contact with the wall of the
body lumen 50. The first layer (110 of Figure 3A), which
may comprise a luminal surface of the medical appliance
100, may be disposed in direct communication with fluid
flowing through the body lumen 50. Characteristics of the
various other layers of the medical appliance 100 may
also affect the interaction between the body lumen 50
and the medical appliance 100, though these layers may
not be in direct contact with a surface of the body lumen
50. For example, a cellular or fluid impermeable layer
may prevent tissue or fluid from crossing the wall of the
medical appliance 100, though such a layer may or may
not be disposed in direct contact with the body lumen 50.
[0072] Figure 5 is a perspective view of a scaffolding
structure 200 for a stent-graft. Such scaffolding struc-
tures may be coupled to coverings, including layered cov-
erings, and may be configured to provide support and
structure to the stent-graft. For example, a scaffolding
structure, such as scaffolding structure 200, may be con-
figured to resist radial compression of a stent-graft.
Though references below may be directed to the scaf-
folding structure 200, it will be understood, by one having
skill in the art and having the benefit of this disclosure,
that disclosure relevant to the scaffolding structure 200
may analogously apply to a stent-graft or covered stent
composed of the scaffolding structure 200.
[0073] In some embodiments, the scaffolding structure
200 may be configured with different resistance to radial
force along the longitudinal length of the scaffolding
structure 200. For example, in the illustrated embodi-
ment, the scaffolding structure 200 comprises a proximal
portion 202, a mid-body portion 204, and a distal portion
206. The scaffolding structure 200 may be configured
such that it provides greater resistance to radial com-
pression in one or more of these portions 202, 204, 206
as compared to at least one other portion 202, 204, 206
of the scaffolding structure 200. Differing resistance to
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radial force along the length of the scaffolding structure
200 may be designed to provide strength in certain areas
(such as an area to be treated, such as an aneurysm)
while providing softer portions of the scaffolding which
may allow the scaffolding structure 200 to interact with
healthy portions of the body in a more atraumatic way.
Thus one or more portions of a scaffolding structure may
be configured to hold open diseased tissue within the
body lumen 50.
[0074] The radial resistance of the scaffolding struc-
ture 200, and any stent-graft comprising the scaffolding
structure 200, may be a result of the material used to
create the scaffolding structure 200; variations in the
structure of the scaffolding structure 200, such as the
degree to which the scaffolding structure 200 comprises
a more open or more closed design; and other design
parameters. In some embodiments within the scope of
this disclosure, the radial force along portions of the same
scaffolding structure, stent, or stent-graft may vary by
between 10% and 30%, between 30% and 60%, between
60% and 100%, more than 100%, and more than 200%.
[0075] In some embodiments, the scaffolding structure
200 may be configured such that the resistance to radial
compression of the scaffolding structure 200 is greater
in the mid-body portion 204 of the scaffolding structure
200 as compared to the proximal 202 and/or distal 206
portions thereof. In other embodiments the mid-body por-
tion 204 may have less resistance to radial compression
or, in other words, may be softer than the proximal 202
and/or distal 206 portions thereof. Still further, in some
embodiments the proximal 202 and/or distal 206 portions
of a scaffolding structure 200 may be configured to re-
duce tissue aggravation at the edge of the scaffolding
structure 200. In some instances the resistance to radial
compression of one or more ends of the scaffolding struc-
ture 200 may be configured to reduce the occurrence of
edge stenosis. Moreover, the resistance to radial com-
pression of one or more ends of the scaffolding structure
200 may be configured to promote endothelial cell growth
on a surface of a stent-graft coupled to the scaffolding
structure 200. The resistance to radial compression
along one or more portions of the scaffolding structure
200 may be configured to match the compliance of a
body vessel in which the scaffolding structure 200 is de-
signed for deployment.
[0076] Scaffolding structures 200 may comprise met-
als, including stainless steel, nitinol, various super elastic
or shape memory alloys, and so forth. Scaffolding struc-
tures 200 may also comprise polymers. Further, scaffold-
ing structures 200 may comprise one or more biologic
agents, including embodiments wherein a metal or pol-
ymeric scaffolding structure is integrated with a drug or
other biologic agent.
[0077] Scaffolding structures 200 may be formed in a
variety of ways. In some embodiments, the scaffolding
structure 200 may be formed of a wire. Further, the scaf-
folding structure 200 may be formed from a tube of ma-
terial, including embodiments wherein the scaffolding

structure 200 is cut from a tube of material. Scaffolding
structures 200 may be formed using laser cutting, etching
processes, and powdered metallurgy and sintering proc-
esses; formed from molds; and formed using rapid man-
ufacturing techniques.
[0078] A stent or stent-graft, with or without a scaffold-
ing structure such as scaffolding structure 200, may be
configured to exert an outward radial force when dis-
posed within a body lumen. This force may be configured
to keep the lumen open, prevent restenosis, inhibit mi-
gration of the stent or stent-graft, and so forth. However,
stents or stent-grafts which subject body lumens to high
radial forces may provoke an unwanted biologic re-
sponse and/or result in unnecessary trauma to the body
lumen. Accordingly, a stent or stent-graft may be config-
ured to exert radial force within a range that is acceptable
for healing and trauma, while still achieving treatment
goals.
[0079] Some stents or stent-grafts may be configured
such that the stent or stent-graft resists localized com-
pression, for example due to a point or pinch force, even
when the localized force exceeds the circumferential out-
ward radial force of the stent or stent-graft. In other words,
the stent may be configured to resist relatively high point
forces (for example, as may be exerted by a ligament or
other biologic structure) on the stent or stent-graft without
exerting high radial forces on the entire body lumen.
[0080] Stents or stent-grafts within the scope of this
disclosure may be configured such that the point force
required to fully collapse the stent is between five N and
15 N, including between 7.5 N and 12.5 N. Stents or
stent-grafts within the point force ranges disclosed above
may have a lower circumferential radial outward force.
For example, stents or stent-grafts within the scope of
this disclosure may have a radial outward force at 20%
oversizing of between 0.3 N/mm and 1.3 N/mm, including
between 0.4 N/mm and 1 N/mm. Thus, the point force
required to fully collapse the stent may be significantly
greater than the radial outward force exerted by the stent
on a body lumen.
[0081] Multilayered stent covers within the scope of
this disclosure may be tested by pressurizing water within
the lumen of a stent according to the present disclosure.
By increasing the water pressure, the burst strength and
water permeability of the stent can be determined. Water
entry pressure is herein defined as the internal water
pressure at which a second bead of water forms on the
outside of the tubular structure being tested. The device
does not burst or fail in the water entry pressure test.
Medical devices within the scope of this disclosure may
have water entry pressures between zero psi and 10 psi,
including between four psi and eight psi. Furthermore,
medical devices within the scope of this disclosure may
have water entry pressures greater than five psi, greater
than 10 psi, greater than 20 psi, greater than 30 psi, great-
er than 40 psi, or greater than 50 psi.
[0082] The examples and embodiments disclosed
herein are to be construed as merely illustrative and ex-
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emplary, and not as a limitation of the scope of the present
disclosure in any way. It will be apparent to those having
skill in the art with the aid of the present disclosure that
changes may be made to the details of the above-de-
scribed embodiments without departing from the under-
lying principles of the disclosure herein. It is intended that
the scope of the invention be defined by the claims ap-
pended hereto and their equivalents.

STATEMENTS OF INVENTION

[0083]

1. A multilayered vascular prosthesis, comprising:

a serially deposited fiber layer disposed on a
luminal surface of the prosthesis;
a polytetrafluoroethylene (PTFE) layer coupled
to the serially deposited fiber layer, the PTFE
layer providing at least 80% of the tensile
strength, measured in at least one direction, of
a construct consisting of the serially deposited
fiber layer and the PTFE layer.

2. The multilayered vascular prosthesis of statement
1, wherein the PTFE layer comprises expanded PT-
FE (ePTFE).
3. The multilayered vascular prosthesis of statement
2, wherein the ePTFE layer provides at least 90% of
the tensile strength of a construct consisting of the
serially deposited fiber layer and the ePTFE layer.
4. The multilayered vascular prosthesis of any one
of statements 2-3, wherein the ePTFE layer is dis-
posed on an abluminal surface of the prosthesis.
5. The multilayered vascular prosthesis of any one
of statements 2-4, wherein the ePTFE layer has
greater tensile strength than the serially deposited
fiber layer in at least one direction along the serially
deposited fiber layer.
6. The multilayered vascular prosthesis of statement
5, wherein the ePTFE layer has at least five times
greater tensile strength than the serially deposited
layer, measured in at least one direction.
7. The multilayered vascular prosthesis of any one
of statements 2-6, wherein the ePTFE layer com-
prises one or more sublayers of ePTFE.
8. The multilayered vascular prosthesis of statement
7, wherein an axis of longitudinal expansion of at
least one of the ePTFE sublayers is disposed at an
angle to an axis of longitudinal expansion of at least
one adjacent ePTFE sublayer.
9. The multilayered vascular prosthesis of statement
7, wherein an axis of longitudinal expansion of at
least one of the ePTFE sublayers is perpendicular
to an axis of longitudinal expansion of at least one
adjacent ePTFE sublayer.
10. The multilayered vascular prosthesis of any one
of statements 7-9, wherein an axis of longitudinal

expansion of at least one of the ePTFE sublayers is
aligned with a central axis of the vascular prosthesis.
11. The multilayered vascular prosthesis of any one
of statements 7-10, wherein each ePTFE sublayer
has an average pore size of 6 microns or less.
12. The multilayered vascular prosthesis of any one
of statements 2-11, wherein the ePTFE layer is im-
permeable to red blood cell migration across the lay-
er.
13. The multilayered vascular prosthesis of any one
of statements 1-12, further comprising a tissue and
cell impermeable layer of fluorinated ethylene pro-
pylene (FEP).
14. The multilayered vascular prosthesis of any one
of statements 1-13, further comprising a fluid imper-
meable layer of fluorinated ethylene propylene
(FEP).
15. The multilayered vascular prosthesis of any one
of statements 13-14, wherein the FEP layer is at least
partially disposed within pores of the ePTFE layer.
16. The multilayered vascular prosthesis of any one
of statements 1-15, further comprising a stent scaf-
fold disposed between the serially deposited fiber
layer and the PTFE layer.
17. The multilayered vascular prosthesis of any one
of statements 1-16, wherein the prosthesis exerts a
radial outward force of less than 2 N/mm at 20%
oversizing or the point force required to fully collapse
the multilayered vascular prosthesis is greater than
5 N.
18. The multilayered vascular prosthesis of any one
of statements 1-17, wherein the serially deposited
fiber layer comprises rotational spun fibers.
19. A multilayered vascular prosthesis, comprising:

a serially deposited fiber layer disposed on a
luminal surface of the prosthesis;
an expanded polytetrafluoroethylene (ePTFE)
layer coupled to the serially deposited fiber lay-
er, the ePTFE layer having an average pore size
of less than 6 microns.

20. The multilayered vascular prosthesis of state-
ment 19, wherein the ePTFE layer is disposed on an
abluminal surface of the prosthesis.
21. The multilayered vascular prosthesis of any one
of statements 19-20, wherein the ePTFE layer has
greater tensile strength than the serially deposited
fiber layer in at least one direction along the serially
deposited fiber layer.
22. The multilayered vascular prosthesis of state-
ment 21, wherein the ePTFE layer has at least five
times greater tensile strength than the serially de-
posited layer, measured in at least one direction.
23. The multilayered vascular prosthesis of any one
of statements 19-22, wherein the ePTFE layer com-
prises one or more sublayers of ePTFE.
24. The multilayered vascular prosthesis of state-
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ment 23, further comprising sublayers of fluorinated
ethylene propylene (FEP) disposed between one or
sublayers of the ePTFE layer.
25. The multilayered vascular prosthesis of any one
of statements 23-24, wherein an axis of longitudinal
expansion of at least one of the ePTFE sublayers is
disposed at an angle to an axis of longitudinal ex-
pansion of at least one adjacent ePTFE sublayer.
26. The multilayered vascular prosthesis of any one
of statements 23-25, wherein an axis of longitudinal
expansion of at least one of the ePTFE sublayers is
perpendicular to an axis of longitudinal expansion of
at least one adjacent ePTFE sublayer.
27. The multilayered vascular prosthesis of any one
of statements 23-26, wherein an axis of longitudinal
expansion of at least one of the ePTFE sublayers is
aligned with a central axis of the vascular prosthesis.
28. The multilayered vascular prosthesis of any one
of statements 19-27, wherein the ePTFE layer is im-
permeable to red blood cell migration across the lay-
er.
29. The multilayered vascular prosthesis of any one
of statements 19-28, further comprising a fluid im-
permeable layer of fluorinated ethylene propylene
(FEP) disposed between the serially deposited fiber
layer and the ePTFE layer.
30. The multilayered vascular prosthesis of any one
of statements 19-28, further comprising a tissue and
cell impermeable layer of fluorinated ethylene pro-
pylene (FEP).
31. The multilayered vascular prosthesis of any one
of statements 19-30, further comprising a stent scaf-
fold disposed between the serially deposited fiber
layer and the ePTFE layer.
32. The multilayered vascular prosthesis of any one
of statements 19-31, wherein the prosthesis exerts
a radial outward force of less than 2 N/mm at 20%
oversizing or the point force required to fully collapse
the multilayered vascular prosthesis is greater than
5 N.
33. The multilayered vascular prosthesis of any one
of statements 19-32, wherein the serially deposited
fiber layer comprises rotational spun fibers.
34. A multilayered vascular prosthesis, comprising:

a serially deposited fiber layer disposed on a
luminal surface of the prosthesis; and
an expanded polytetrafluoroethylene (ePTFE)
layer coupled to the serially deposited fiber lay-
er, the ePTFE comprising one or more sublayers
of ePTFE;
wherein an axis of longitudinal expansion of at
least one of the ePTFE sublayers is disposed at
an angle to an axis of longitudinal expansion of
at least one adjacent ePTFE sublayer.

35. The multilayered vascular prosthesis of statment
34, wherein the ePTFE layer is disposed on an ab-

luminal surface of the prosthesis.
36. The multilayered vascular prosthesis of any one
of statements 34-35, wherein the ePTFE layer has
greater tensile strength than the serially deposited
fiber layer in at least one direction along the serially
deposited fiber layer.
37. The multilayered vascular prosthesis of state-
ment 36, wherein the ePTFE layer has at least five
times greater tensile strength than the serially de-
posited layer, measured in at least one direction.
38. The multilayered vascular prosthesis of any one
of statements 34-37, wherein an axis of longitudinal
expansion of at least one of the ePTFE sublayers is
perpendicular to an axis of longitudinal expansion of
at least one adjacent ePTFE sublayer.
39. The multilayered vascular prosthesis of any one
of statements 34-38, wherein an axis of longitudinal
expansion of at least one of the ePTFE sublayers is
aligned with a central axis of the vascular prosthesis.
40. The multilayered vascular prosthesis of any one
of statements 34-39, further comprising a tissue and
cell impermeable layer of fluorinated ethylene pro-
pylene (FEP).
41. The multilayered vascular prosthesis of any one
of statements 34-40, wherein the ePTFE layer is im-
permeable to red blood cell migration across the lay-
er.
42. The multilayered vascular prosthesis of any one
of statements 34-41, further comprising a fluid im-
permeable layer of fluorinated ethylene propylene
(FEP) disposed between the serially deposited fiber
layer and the ePTFE layer.
43. The multilayered vascular prosthesis of any one
of statements 34-42, further comprising a stent scaf-
fold disposed between the serially deposited fiber
layer and the ePTFE layer.
44. The multilayered vascular prosthesis of any one
of statements 34-43, wherein the prosthesis exerts
a radial outward force of less than 2 N/mm at 20%
oversizing or the point force required to fully collapse
the multilayered vascular prosthesis is greater than
5 N.
45. The multilayered vascular prosthesis of any one
of statements 34-45, wherein the serially deposited
fiber layer comprises rotational spun fibers.
46. A method of constructing a multilayered vascular
prosthesis, the method comprising:
coupling an expanded polytetrafluoroethylene (eP-
TFE) layer with an internodal distance (IND) of 6 mi-
cron or less to a serially deposited layer, such that
the serially deposited layer is disposed on a lumenal
surface of the multilayered vascular prosthesis.
47. The method of statement 46, further comprising
applying fluorinated ethylene propylene (FEP) to the
ePTFE layer such that at least a portion of the FEP
is disposed within pores of the ePTFE layer.
48. The method of statement 47, wherein the FEP
is sprayed onto the ePTFE layer.
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49. The method of statement 47, wherein the FEP
is wrapped onto the ePTFE layer.
50. The method of any one of statements 47-49,
wherein the FEP and ePTFE layer comprise a tissue
and cell impermeable boundary.
51. The method of any one of statements 46-50,
wherein the ePTFE layer is constructed by coupling
a first sublayer of ePTFE to a second sublayer of
ePTFE, wherein the axis of expansion of the second
sublayer is disposed at an angle to the axis of ex-
pansion of the first sublayer.
52. The method of statement 51, wherein an axis of
longitudinal expansion of at least one of the ePTFE
sublayers is perpendicular to an axis of longitudinal
expansion of at least one adjacent ePTFE sublayer.
53. The method of any one of statements 51-52,
wherein an axis of longitudinal expansion of at least
one of the ePTFE sublayers is aligned with a central
axis of the vascular prosthesis.
54. The method of any one of statements 46-54,
wherein the serially deposited layer comprises pol-
ytetrafluoroethylene (PTFE) fibers.
55. The method of any one of statements 46-54,
wherein at least one of the ePTFE layer and the se-
rially deposited layer is unsintered when initially dis-
posed on the multilayered vascular prosthesis.
56. The method of statement 55, further comprising
simultaneously sintering the ePTFE layer and the
serially deposited layer while the layers are in contact
with each other.
57. The method of any one of statements 46-56, fur-
ther comprising rotational spinning the serially de-
posited layer.

Claims

1. A multilayered vascular prosthesis, comprising:

a serially deposited fiber layer disposed on a
luminal surface of the prosthesis; and
an expanded polytetrafluoroethylene (ePTFE)
layer coupled to the serially deposited fiber lay-
er, the ePTFE comprising one or more sublayers
of ePTFE;
wherein an axis of longitudinal expansion of at
least one of the ePTFE sublayers is disposed at
an angle to an axis of longitudinal expansion of
at least one adjacent ePTFE sublayer.

2. The multilayered vascular prosthesis of claim 1,
wherein the ePTFE layer is disposed on an abluminal
surface of the prosthesis.

3. The multilayered vascular prosthesis of any one of
claims 1-2, wherein the ePTFE layer has greater ten-
sile strength than the serially deposited fiber layer in
at least one direction along the serially deposited

fiber layer.

4. The multilayered vascular prosthesis of claim 3,
wherein the ePTFE layer has at least five times great-
er tensile strength than the serially deposited layer,
measured in at least one direction.

5. The multilayered vascular prosthesis of any one of
claims 1-4, wherein an axis of longitudinal expansion
of at least one of the ePTFE sublayers is perpendic-
ular to an axis of longitudinal expansion of at least
one adjacent ePTFE sublayer.

6. The multilayered vascular prosthesis of any one of
claims 1-5, wherein an axis of longitudinal expansion
of at least one of the ePTFE sublayers is aligned with
a central axis of the vascular prosthesis.

7. The multilayered vascular prosthesis of any one of
claims 1-6, further comprising a tissue and cell im-
permeable layer of fluorinated ethylene propylene
(FEP).

8. The multilayered vascular prosthesis of any one of
claims 1-7, wherein the ePTFE layer is impermeable
to red blood cell migration across the layer.

9. The multilayered vascular prosthesis of any one of
claims 1-8, further comprising a fluid impermeable
layer of fluorinated ethylene propylene (FEP) dis-
posed between the serially deposited fiber layer and
the ePTFE layer.

10. The multilayered vascular prosthesis of any one of
claims 1-9, further comprising a stent scaffold dis-
posed between the serially deposited fiber layer and
the ePTFE layer.

11. The multilayered vascular prosthesis of any one of
claims 1-10, wherein the prosthesis exerts a radial
outward force of less than 2 N/mm at 20% oversizing
or the point force required to fully collapse the mul-
tilayered vascular prosthesis is greater than 5 N.

12. The multilayered vascular prosthesis of any one of
claims 1-11, wherein the serially deposited fiber layer
comprises rotational spun fibers.

13. The multilayered vascular prosthesis of any one of
claims 1-11, wherein the serially deposited fiber layer
comprises electrospun fibers.

14. The multilayered vascular prosthesis of any one of
claims 1-13, wherein the ePTFE sublayers are bond-
ed by sintering.
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